For high frequency (> 20 MHz) ultrasound transducer arrays, structures in the range of a few micrometers are required. Especially, separating transducer elements of a few microns width is challenging. Omitting this mechanical separation simplifies the manufacturing process. However, this leads to a loss of image resolution, because of increased lateral coupling. The influence of different piezoelectric materials on this resolution degradation is investigated in this work. An FEM simulation of an ultrasound transducer array with 36 elements and a center frequency of 30 MHz was set up. Four arrays (active material PZT5H/PVDF, with kerfs/kerfless) were simulated. Identical geometries and matching layer materials, but different materials for the backing, were used for the simulation of each piezoelectric material. The array and a test object of seven scatterers in a distance of 2-8 mm in front of the transducer were simulated. Image reconstruction was performed with a synthetic aperture focusing technique (SAFT) algorithm. The resolution was determined from SAFT reconstructed images by measuring the -6 dB width of the scatterers. The axial and lateral resolution ranges for the scatterers were: PZT5H array with kerfs: 65-67 µm axial/124-221 µm lateral, PZT5H array without kerfs: 76-91 µm axial/178-328 µm lateral, PVDF array with kerfs: 60-62 µm axial/126-207 µm lateral and PVDF array without kerfs: 49-51 µm axial/120-178 µm lateral.
Introduction
High frequency transducer arrays are used in small animal research and in dermatology. In these areas a higher resolution, compared to the resolution for imaging humans, is necessary. The size ratio between human and small animals like mice or rats is in the range of 10-20. The imaging resolution and the dimensions of ultrasound transducers scale with this ratio. For linear transducer arrays, the pitch between single elements has to be smaller than a wavelength and the kerf between two elements has to be as small as possible to increase active surface. Using waves in water with a wavelength of e.g. W . This results in a width of the kerfs of less than approximately 10 µm. Research groups already manufactured high frequency transducer arrays with different technologies. Foster et. al. manufactured a laser micromachined PZT based ultrasound array [1] (256 elements, 15-50 MHz bandwidth, 74 µm pitch, 8 µm kerf). The group of Shung developed some high frequency ultrasound arrays witch frequencies of 20-50 MHz using piezoelectric composites. A short review can be found in [2] and the transduces are described in [3] (48 elements, PZT composite, 30 MHz center frequency, 100 µm pitch, 5 µm kerf) and [4] (64 elements, PZT composite, 35 MHz center frequency, 50 µm pitch, 14 µm kerfwidth). Recently another high frequency transducer array [5] (PZT composite based, 128 elements, 40 MHz center frequency) was presented by Vermon (Tours, FR). In the last years hugh frequency transducer arrays became also aviable by Visualsonics (Toronoto, CA) and Ultrasonix (Richmond, CA). An alternative manufacturing approach for high frequency transducer arrays is to omit the mechanical separation of single elements and separate them just by placement of the electrodes. This approach was applied for piezoelectric (co)polymer based annular transducer by [6] (P(VDFTrFE)) and [7] (PVDF) and for linear arrays by [8] (PVDF) and [9] (PZT). The advantage of this approach is the simpler manufacturing process. The disadvantage is its greater lateral coupling. This study investigates the kerfless transducer approach. The influence on the image resolution and how the resolution is affected by using ceramic or polymer based material is quantified. The study will be done by utilizing FEM simulations and the SAFT algorithm for image reconstruction.
Methods
An FEM model of an ultrasound transducer array was set up and PZFlex V2.4 (PZFlex, Weidlinger, Inc, Mountain view, CA) was used as solver. The ultrasound transducer had 36 N = electrode pairs, a backing and a matching layer. The transducer is surrounded by water. In case of the kerfless configuration, the material used as kerffiller was the same as the piezoelectric material.
2.1
Material The material parameters used for piezoelectric (active) materials (see [10] for definitions) are listed in table 1. (@ 0 f ). The poling axis of piezoelectric material was oriented in positive x-direction. When PZT5H was used as active Material, backing1 was used as backing material and backing2 was used as backing material, when PVDF was used as active material. The attenuation values for the backing material are chosen to ensure that the simulation area is small. Additionally the other parameters are chosen to match acoustic impedance of the active material. 
SAFT transmit / receive procedure Elements with index from
{ } 5,9,17, 25,33 = N from the set of N elements were used for excitation. This was a tradeoff for sufficient image quality and a sufficiently short simulation time. The simulation would still take much time, because the scatterers are in a distance of tens or hundreds wavelengths. So the scatterers were placed outside the FEM simulation area. The pressure was extrapolated from the FEM area to every scatterer's position. By assuming rigid scatterers, in the receive simulation the scattered pressure was extrapolated to the right boundary of the simulation area. This reduces the simulation time by serveral orders of magnitude. The received voltages , ( )
) across the resistors l R were used for reconstruction. 
SAFT image reconstruction
where H denotes the Hilbert-transform and 1 j = − .
The SAFT reconstructed image I was calculated: 
The coordinates k r and l r are the coordinates of the sending and receiving element respectively. The weighting factor is inversely proportional to the distance traveled from k r over nm r to l r :
The axial x δ and lateral resolution y δ will be calculated at the scatterers position. The resolution will be determined at -6 dB from local maxima. The reconstructed images will be shown as dB 10 20 log ( ) I I = .
Results
Four configurations were investigated (PZT5H/PVDF with kerfs/ without kerfs). No direct comparison between the same configurations with different piezoelectric material will be done, because the transfer function and the resolution changes, owing to different material combinations. We compare the change in resolution when omitting the kerfs. Figure 2 shows the SAFT reconstructed images using PZT5H as active material. The upper panel shows the reconstruction done with the array with kerfs and the lower panel shows the reconstruction done with the kerfless array. The scatterers can be clearly distinguished. However the reconstruction with the kerfless array is more blurred. Additionally some artifacts can be recognized. Figure 3 shows SAFT reconstructed images using PVDF as active material. The upper panel shows the image using the array with kerfs, the lower panel shows the image omitting the kerfs. No clear difference can be recognized in the reconstructed images, but the calculated resolution shows that in this case the resolution is improved. The calculated resolution with respect to the position is shown in figure 4 and the maximum and minimum axial and lateral resolution for each configuration are listed in table 3. In case of PZT5H as active material, the axial resolution is degraded by 17…35 % and the lateral resolution is degraded by 44…48%. In case of PVDF as active material, the axial resolution is improved by 18 % and the lateral resolution is improved by 5 … 14 %. 
Conclusion
Manufacturing kerfless high frequency transducer arrays using PZT5H as active material will degrade imaging resolution. However using PVDF as active material will improve the resolution of reconstructed images when omitting the kerfs. The reason for this is the frequency dependent attenuation of the materials. At higher frequencies PVDF has a higher attenuation than the kerffiller material used here. The attenuation of PZT5H at high frequencies is lower than the attenuation of the kerffiller material used here. Although we could show here the improvement in resolution using PVDF based high frequency transducer arrays, this material has also some serious disadvantages for practical use. Some of them are high input impedance which is hard to match to electrical devices and a low electromechanical coupling compared to PZT, which makes it necessary to use higher driving voltage for a comparably receive voltage. 
